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PRELIMINARY RESULTS OF ACCELERATED EXPOSURE TESTING 
OF SOLAR CELL SYSTEM COMPONENTS 

by E. Anagnostou and A. F. Forestteri 
Lewis Research Center 


INTRODUCTION 

More and more interest is being shown in solar energy as one of the 
possible energy sources for the near and distant future. Solar energy 
is inexhaustible and clean and free and many different programs are 
planned by the Energy Research and Development Administration (ERDA) to 
make use of this energy source. Part of the solar energy program is 
the development of solar photovoltaics. 

A goal of a 20-year lifetime has been set for solar photovoltaic 
panels. These panels will have to endure a variety of environmental con- 
ditions. The most exact determination of exposure effects on panels 
would be real time testing at the k site where they would be used, but 
such tests obviously require years to carry out. It is necessary, how- 
ever, to screen materials and modules in some way to determine quickly 
which would have the best chance to survive. For this purpose, acceler- 
ated testing, both outdoor and indoor, can be used. As part of the ERDA 
National Photovoltaic Program, NASA-Lewis has conducted and monitored 
accelerated exposure testing of candidate solar cell module component 
materials. This report will describe the results of that testing. 


DESCRIPTION OF SAMPLES AND TEST CONDITIONS 

Plastic samples and sub-modules were exposed at Desert Sunshine 
Exposure Tests, Inc. (DSET), Phoenix, Arizona using their patented 
EMMAQUA machine which has been described earlier (ref. 1). Plastic 
samples were provided by various plastic manufacturers. Sub-modules 
were fabricated at NASA-Lewis Research Center by Jacob D. Broder and 
for this test consisted of five, 2 cm x 2 cm silicon solar cells con- 
nected in series, attached to a substrate and covered with the material 
of interest. For the plastic samples, the transmission from 0.35 pm to 
1.2 ym was measured before and after testing to determine the effects 
of exposure. For the sub-modules, the current-voltage (IV) curve was 
determined and the short circuit, current (I S c) and maximum power (P m ax) 
were used as criteria for degradation. If the sub-module is affected 
because of darkening of the cover, both the I sc and Pmax should 
decrease. If the degradation occurs through other means, possibly an 
increase in series resistance, the I sc can remain constant even 
though the Pmax decreases. 
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Other samples fabricated at Lewis were exposed In an apparatus 
manufactured by the Q-Fanel Co. called a QUV Cyclic Ultraviolet 
Weathering Tester. The samples are exposed to 16 hours of ultraviolet 
light followed by 8 hours of humidity exposure. Two different types 
of sub-modules were exposed in this test; the first consisted of two 
2 cm x 2 cm cells connected in series and constructed as those used in 
DSET tests » and the second consisted of single 2 cm x 2 cm cells en- 
capsulated with the plastic parylene in vacuum. A third type of sample 
exposed in the tester consisted of single 5.34 cm round cells, not 
electrically connected, sprayed with a variety of coatings as part of 
a preliminary screening program. For the sub-modules, electrical meas- 
urements could be made and Isc and Pmax were used for evaluation 
as described earlier. The results for the sprayed sample tests are 
reported only as qualitative visual observations. 

As a continuation of testing begun by NASA-Lewis (ref. 1), five- 
cell sub-modules, constructed as described earlier, were sent to DSET 
for exposure. Six of the earliest samples were made using cells with 
front and back contacts. Test results (ref. 1) indicated that there 
were problems of the cutting through of covers by the interconnects. 

For this reason, succeeding samples were made using wraparound contact 
cells. The interconnects were spot welded. The construction of the 
various kinds of sub-modules is described in Table I: the covers are 

FEP-A and FEP-C, perf luoroalkoxy (PFA), polyethersulfone, acrylic 
sheet, UV stabilized Lexan (polycarbonate) and clear silicone potting 
compound. Some of the FEP-A covered and PFA covered sub-modules were 
heat bonded, the silicone was cast in place, and all of the other 
covers were attached with adhesive. 

Current-voltage (IV) curves for the sub-modules were recorded be- 
fore and after exposure. Some of the current-voltage curves were meas- 
ured at air mass zero (AMO), 25° C using either the X-25 solar simula- 
tor or a flash simulator and others at air mtss 1 (AM 1), 28° C using 
the flash simulator. This occurred because the AM 1 condition was de- 
cided on as a standard for terristrial measurements (ref. 2) after the 
tests had begun and the flash simulator was not operational until mid 
1976. 


Use of the different simulators can account for value differences 
of approximately +3%. Day-to-day variations in data are of the order 
of +2%, so that differences less than this are considered non- 
significant . 

The exposures of the sub-modules were made in time groups of two 
months with various times between subsequent exposures. It was assumed 
that the deterioration of samples was a function of the accumulated 
test exposure time and the periods between exposures had no effect. 
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Plastic transmission samples were also exposed on the EMMAQUA. 
These are listed in Table II. The transmission of the samples was 
measured before and after exposure using a Cary 14 spectrophotometer. 
The wavelength range used was 0.35 to 1.2 pm. 

Several varieties of samples were exposed on the cyclic exposure 
tester. A schematic cros3 section of the tester is shown in Fig. I. 
The tester has sample holders placed against an otherwise enclosed 
chamber with a water pool on the bottom, heated if necessary, and a 
bank of four fluorescent sun lamps on each side. The temperature is 
adjusted, so that, the samples are at 62° C during the UV cycle and 
48° C during the humidity cycle. A plot of the relative energy ver- 
sus wavelength for a representative lamp of the type used is shown in 
Fig. II. Figure III shows the percentage of the lamp’s radiation be- 
low a particular wavelength, again for a representative lamp. Actual 
lamps have been calibrated at zero time, 415 hours and 836 hours and 
the number of UV equivalent suns (wavelengths less than 0.36 pm) at 
the sample plane has been calculated- New lamps give a factor of 
three times solar ultraviolet intensity for wavelengths below 0.36 pm 
at the sample plane. After 415 hours, the lamp output has dropped 
26 % and at 836 hours, the output has dropped an additional 1%. This 
is typical behavior for ultraviolet lamps in that the largest de- 
crease in output occurs early in the lamp's life and thereafter the 
decrease is much more gradual. An overall acceleration factor of 
2.25 is estimated herein. 

Three groups of samples have been exposed in the cyclic tester. 
The first group of twenty samples consisted of 5.34 cm diameter sil- 
icon cells attached to embossed aluminum and coated. A description 
of the coatings applied to the samples is given in Table III. These 
samples were exposed for 415 hours to ultraviolet light anc then ex- 
amined. Since the samples were not electrically connected, results 
cf this test are limited to visual observations. Two samples, num- 
bers 7 and 314, were continued on test to 836 hours. 

The second group of samples consisted of eleven single 2 cm x 
2 cm cells coated with either 37.5 or 56.3 urn of parylene. Parylene 
is polyparoxylylene (or a derivative thereof) which has been suggested 
as a candidate cover material. Adherent, conformal, pinhole-free 
films are formed readily in vacuum. IV curves were recorded before 
and after testing and I sc and Pmax values were noted. The samples 
were exposed for 415 hours. 

The third group of samples consisted of twenty-one, two cell sub- 
modules covered with PFA, FEP-A or FEP-C attached to the cells and 
Kapton backing with GE 574 adhesive. Thicknesses of 50 ym and 125 ym 
of each material were used. The IV curves were recorded at AM 1, 

28° C before exposure and after 415 and 836 hours. All of the 50 ym 
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covered sub-modules were made using front and back contact cells and 
all of the 125 ym covered sub-modules were made using wraparound con- 
tact cells. 


RESULTS AND DISCUSSION 

Table I presents the data on the sub-modules exposed at DSET, Inc. 

Included in the table are the details of construction of the sub- 

modules, the test time and exposure, I sc and Pmax for che Initial 
and final condition, ^Pjnax* the percentage change in this parameter 
from the beginning to the end of the test and observations on the phys- 
ical condition of the samples at the end of the test. Because of the 

large number of samples listed in Table I, the data on loss of maximum 
power in the sub-modules are summarized in Table VI. Many of the sam- 
ples had some degree of power loss, some quite large. However, compar- 
ison of the short circuit current data in Table I with Table VI shows 
that even when a sub-module had a power loss, the I sc value often 
times was within experimental error. This performance indicates that 
the degradation is not due to a loss in transmission of the cover 
material. 

Table II gives the effect of accelerated exposure at DSET, Inc. 
on the transmission of plastic samples. The samples were exposed to 
230,660 langleys during a period of two months, equivalent to 16 months 
of real time exposure at that location. 

Table II shows that all of the plastic samples exposed on the 
EMMAQUA experienced some transmission loss. In every case except FEP-A, 
the samples lost more transmission at the blue end of the spectrum 
(0.35 ym) than at the red end (1.2 ym). Mylar and Aclar 22A also were 
very brittle after the test and required careful handling. 

A comparison of current data from Table I with the transmission 
data of Table II indicates that even when some free films lose trans- 
mission, sub-modules covered with these materials do not experience a 
short circuit current loss. Several reasons are possible for the ap- 
parent discrepancy. First, most of the free films lose more transmis- 
sion at the blue end of the spectrum, and the solar cells are not 
strongly responsive to this wavelength of light. Also, the free films 
can experience a decrease in apparent transmission because of scatter- 
ing from scratches or "miikiness". The cells of the sub-modules, how- 
ever, can still make use of this scattered light and thus the short 
circuit current is not diminished. 

The loss in maximum power, if not due to darkening of the sub- 
module cover, is likely due to problems resulting from the construction 
of the sub-module. Inspection of the samples constructed using GE 585 
and 574 indicated the presence of large bubbles, primarily in the 
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interconnect areas. These bubbles probably began as minute ones in the 
freshly prepared samples but the heat and light which they see during 
exposure and the possible release of solvent might tend to increase 
their size. More refined methods of sample preparation are indicated. 

Table III lists the samples exposed in the ultraviolet cyclic ex- 
posure tester, and the effect of the exposure on these samples. The 
data are self-explanatory from the remarks under the heading of final 
appearance. Since electrical measurements could not be made, it is not 
possible to determine whether poor appearance also meant poor perform- 
ance. The appearance of the Vacseal indicates that it should be a sub- 
ject of further testing. On the FEP sample, the GE 574 had formed a 
hard coating which remained on the cell surface even after the film 
was peeled away. It is possible that the conditions in the QUV tester 
transformed the adhesive to a material which might be suitable as a 
cover. 

In Table IV, the effect of the exposure in the cyclic exposure 
tester on parylene coaled cells is presented. The meaning of the data 
is not easy to ascertain. About half of the cells showed no change in 
current (+2%). The fact that some of the control cells lost almost as 
much in I sc as cells which were exposed indicates that the test con- 
ditions were not the cause of this loss. The coating on the cells ap- 
peared very dull and vigorous rubbing resulted in the removal of some 
brownish stain without any improvement in the appearance. The maximum 
power data shows even greater inconsistency although some cells per- 
formed very well. For this last reason, a new group of sub-modules is 
being fabricated to repeat the exposure both on the QUV and at DSET. 

The data presented in Table V are the effects of exposure in the 
QUV tester on the sub-modules covered with FEP-A, FEP-C and PFA. The 
I sc and Pmax at zero, 415 and 836 hours are given. These data have 
to be prefaced with comments on the construction of the samples and 
visual inspection of them after exposure. The samples covered with 
50 ym material all were made with front and back contact cells. Most 
of these degraded in both I sc and Pmax over the duration of the test. 
Inspection of the samples showed severe bubbling at the interconnects 
on these cells. The samples with 125 ym covers were all made with 
wraparound contact cells. Only one of these showed bubbling. All of 
the wraparound-cell sub-modules retained their initial short circuit 
current, rhese results would tend to indicate that the cover materials 
withstand the UV -humidity regimen well. Sometime after 415 hours of 
exposure to ultraviolet light, however, the maximum power started to 
degrade and by the end of the test, all but one sample had lost from 
3 to 10% in Pmax* Some of the samples showed corrosion at the silver 
plated Invar interconnects where the plating was broken through. There 
were some fairly large deposits of what appeared to be rust, indicating 
that water had entered this area. Again, more work appears in order 
for the packaging of the cells. 
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CONCLUSIONS 

Testing of solar cell sub-modules under accelerated conditions in- 
dicates that some of the presently available materials look very prom- 
ising for use as cover materials, notably FEP-A and FEP-C, PFA, acrylic, 
silicone compounds and adhesives and possibly parylene. However, the 
technique of packaging solar cells using these materials requires fur- 
ther development. There are other properties of these materials that 
require investigation. Some of these are dirt retention, mildew growth, 
smoothness and ease of application in large sizes and/or quantities. 
Preliminary studies, such as this one, can sort out unlikely candidates 
and possibly point out problem areas that might turn up in real time 
testing after a number of years. 
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TABLE II. - EFFECT ON THE TRANSMISSION OF PLASTIC SAMPLES 
OF ACCELERATED EXPOSURE USING THE EMMAQUA, 

DESERT SUNSHINE EXPOSURE TESTS, INC. 

Total Exposure, 230660 Langleys 


Sample 

Number of 
Samples 

Transmission Loss 


0.35 pm 

1.2 ym 

Teflon FEP-A, 2 layers 
heat bonded together 

6 

6% 

6% 

Acrylic 

2 

9 

2 

Perfluoroalkoxy (PFA) 

2 

10 

2 

Mylar 

1 

60 

53 very 

Polyester (Scotchpar) 

2 

13 

brittle 

1 

Aclar 22 A 

2 

30 

25 very 

Tefzel 

2 

11 

brittle 

3 


i 
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TABLE III. - EFFECT OF EXPOSURE TO ULTRAVIOLET LIGHT AND HUMIDITY 
ON VARIOUSLY COATED SILICON CELLS 
ULTRAVIOLET LIGHT EXPOSURE TIME, 415 HOURS 


Sample 

Number 

Composition of Coating 

Final Appearance 

•HI 

Methyl Methacrylate (MMA) 
with acetate, applied hot 

Melted, dulled with bubbles 

2 

Polyester casting resin 

Light tan, but otherwise of 
good appearance 

3 

Polyester casting resin, 
brush applied 

Tanned, dull 

4 

Polymethyl Methacrylate 
(PMMA) , with inhibitor 

Embrittled, cracked, trans- 
lucent 

5 

Polyester casting resin 
plus MMA with inhibitor 

Tanned, bubbled, delamin- 
ated, translucent 

6 

Polyvinyl acetate 

Small blisters, dull 

7 

Vacseal (a silicone spray 
coating) 

(a) Slightly yellow, some 
bubbles over cell. 

(b) Unchanged from (a). 

8 

PMMA plus acetate 

Dulled, blistery 

9 

PMMA plus acetate with 
accelerator 

Dulled, blistery 

10 

Acrylic, sprayed 

Tan, cracks, bubbles 

11 

Acrylic t sprayed 

Tan, bubbly, peeled from 
edges 

12 

PFA, powder application 

Bubbly, whitened, 
delaminated 
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TABLE III. - Concluded. 


Semple 

Number 

Composition of Coating 

Final Appearance 

13 

PFA, powder application 

Very pitted, bubbly 
delaminated from edges 

14 

Urethane, sprayed 

Tanned, translucent, brittle, 
curled and peeled 

15 

Urethane, sprayed 

Tanned, translucent, brittle, 
curled and peeled 

16 

FEP , t prayed 

Translucent, peeled from cell 
edges 

17 

FEP, spray,. 

Translucent, peeled from cell 

edges 

18 

Nylon 11, powder application 

Tanned, "swiss cheese" appear- 
ance, peeled from cell, 
stiff, translucent 

19 

Nylon 11, powder application 

Tanned, "swiss cheese" appear- 
ance, peeled from cell, 
stiff, translucent 

314 

FEP film attached with 
GE 574 adhesive 

(a) Good appearance. 

(b) Film cracked and delamin- 
ated, GE 574 coating 
intact. 


<a) 415 hours exposure, 
(b) 836 hours exposure. 
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TABLE IV, - EFFECT OF ULTRAVIOLET EXPOSURE ON 
PARYLENE COATED SILICON CELLS 
TOTAL EXPOSURE TIME, A 15 HOURS 


Sample 

Number 

Short Circuit Current* I gc > 
amps 

Alec* 

% 

— 

Maximum Power, P max * 
watts 

A p max» 

% 

Initial 

Final 

Initial 

Final 

1 

0.111 

0.110 

-1.0 

0.0A63 

0.0310 

-33 

2 

.116 

.112 

-3. A 

. 0A87 

.0479 

-1.6 

3 

.114 

.112 

-1.? 

.OA77 

.0269 

-44 

A 

.114 

. 11A 

0 

. 0A8A 

.0492 

+1.6 

5 

.116 

.109 

-6.0 

.0A87 

.0458 

-5.9 

6 

.116 

.115 

-0.9 

.0477 

.0474 

-0.6 

7* 

.116 

.112 

-3. A 

.0475 

.0465 

-2.1 

8* 

.116 

.110 

-5.2 

.0472 

.0438 

-7.2 

9 

. 11A 

.112 

-1.7 

.0490 

.0489 

-0.2 

10 

.116 

.113 

-2.6 

.0493 

.0466 

-5.5 

11 

.115 

.111 

-3.5 

.0487 

.0488 

+0.2 

12 

. 11A 

.112 

-1.7 

.0490 

.0467 

-4.7 

13 

• 11A 

,112 

-1.7 

.0478 

.0494 

+3.3 

14* 

.116 

.115 

-0.9 

.0486 

.0405 

-16.7 

15* 

.115 

.112 

-2.6 

.0460 

.0442 

-3.9 

16* 

.116 

.116 

0 

.0307 

.0308 

0 


Control cells. 















TABLE V. - EFFECT OF EXPOSURE IN THE QUV TESTER ON FEP-A 


FEP-C AND PFA COVERED SUB-MODULES 


N. Exposure 
N. Time 

Sample N. 
Code N. 

I , amps 
sc’ 


p 

max 

0 hrs 

415 hrs 

836 hrs 

0 hrs 

415 hrs 

836 hrs 

*2A7 

0.120 

0.138 


0.0921 

0.0864 

0.0235 

8 

.122 

.122 


.0927 

.0593 

.0365 

9 

.120 

.118 


.0984 

.0608 

.0501 

10 

.122 

.123 


.0964 

.0742 

.0542 

*2C7 

.120 

.122 

.118 

.0978 

.0895 

.0652 

8 

.121 

.124 

.115 

.1003 

.0653 

.0506 

9 

.121 

>19 

— 

.0894 

.0608 

— 

10 

.120 

12 

.114 

.0956 

.0665 

.0500 

*2P10 

.122 

.122 

.106 

.0899 

.0662 

.0427 

11 

.120 

.122 

.118 

.0983 

.0697 

.0533 

12 

.122 

.098 

.076 

.0805 

.0339 

.0252 

13 

.120 

.120 

.093 

.0962 

.0580 

.0382 

*5A9 

.130 

.134 

.130 

.0994 

.1048 

.0953 

10 

.132 

.136 

.132 

.1010 

.1056 

.0929 

11 

.130 

.136 

.131 

.1022 

.1064 

.0965 

*5P7 

.134 

.136 

.132 

.1042 

.1058 

.0900 

8 

.136 

.137 

.134 

.1015 

.1002 

.0912 

9 

.134 

.056 

.135 

.0968 

.0356 

.0763 

*5C7 

.132 

.136 

.134 

.1008 

.1030 

.0968 

8 

.132 

.136 

.132 

.1031 

.1013 

.0958 

9 

.134 

.136 

.134 

.1015 

.1010 

.0950 


*2A and 5A are 50 and 125 ym FEP-A, respectively. 

2C and 5C are 50 and 125 ym FEP-C, respectively. 

2P and 5P are 50 and 125 ym PFA, respectively. 

(All covers are attached with GE 574.) 













TABLE VI. - LOSS IN MAXIMUM POWER IN SUB-MODULES 
UNDER ACCELERATED TESTING AT DSET 


Test Sample 

No. of 
Samples 

Power Loss 

FEP-A, laminated, front contact 

6 

0-10%, all delaminated 

FEP-A, laminated, wraparound cells 

6 

0-20%, 2 delaminated 

FEP-A, with GE 585 

8 

1-4% 

FEP-A, with GE 574 

11 

<5%, except one sample 
with 37% 

FEP-C, with GE 585 

2 

Good 

FEP-C, with GE 574 

4 

0-30% 

PFA, laminated 

2 

6% 

PFA, with GE 585 

7 

3-50% 

PFA, with GE 574 

4 

0-10% 

Acrylic 

3 

>25% 

Silicone, XR 63489 

2 

6%, 18% 

UV stabilized Lexan 

4 

>10% 

Polyether sulfone, with GE 585 

2 

>20% 







CONTROL HOUSING 



Figure 1, - QUV Tester 
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PERCENT OF TOTAL POWER TO WAVELENGTH 



WAVELENGTH. MICROMETERS 

Figure 3. - Distribution of energy below a given wavelength for 

REPRESENTATIVE LAMP USED IN THE QUV TESTER 
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